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[Figure 1]
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|Figure 2]

1) FORM BONDING LAYER AND METAL FOIL ON TRANSPARENT BASE

2) FORM METAL FOIL PATTERN
40

3) PERFORM HEAT TREATMENT AT TEMPERATURE OF 70T to 100T

4) COMPLETELY CURE BONDING LAYER
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EMBEDDED-TYPE TRANSPARENT
ELECTRODE SUBSTRATE AND METHOD
FOR MANUFACTURING SAME

TECHNICAL FIELD

This application claims priority to and the benefit of
Korean Patent Application No. 10-2018-0029686 filed with

the Korean Intellectual Property Office on Mar. 14, 2018, the
entire contents of which are incorporated herein by refer-

ence.

The present application relates to an embedded transpar-
ent electrode substrate and a method of manufacturing the
same.

BACKGROUND ART

Recently, 1n Korea, mnformation and spectacles are being
provided to urban people by presenting various landscape
lighting 1n parks and downtown areas as well as gorgeous
signboards through fusion of cutting-edge ICT technologies
and LED technologies. In particular, a transparent LED
display made of an ITO transparent electrode material 1s
formed by applying an LED between sheets of glass or
attaching a transparent film, to which the LED 1s applied, to
one surtface of glass. There 1s an advantage in that a
luxurious appearance may be produced because no electric
wire 1s visible. As a result, the transparent LED display 1s
used for mterior design of hotels, department stores, and the
like, and the importance of the transparent LED display 1s
being increased 1n terms of implementing media facades on
outer walls of buildings.

Demands for the transparent electrodes, which are trans-
parent and used for touch screens or the like because electric
current tlow through the transparent electrodes, are being
explosively increased along with the spread of smart
devices. The most widely used transparent electrode 1s made
of mdium tin oxide (ITO) which 1s an oxide of mndium and
tin. Indium 1s a main material of the ITO transparent
electrode, but the amount of indium reserves 1s not available
globally, and indium 1s produced only in some countries
such as China, such that production cost of indium 1s high.
In addition, there 1s a disadvantage 1n that the displayed LED
light 1s not constant because a resistance value 1s not
constantly applied. For this reason, the transparent LED
using the I'TO has a limitation 1n being used as a high-
performance and low-cost transparent electrode element.

The I'TO as a transparent electrode material has been the
most widely used but has a limitation 1n terms of economic
teasibility, limited performances, and the like, and as a
result, researches and technology development using new
materials are being continuously carried out. As transparent
clectrode materials which attract attention as next-genera-
tion and new materials, there are metal meshes, nanowires
(Ag nanowires), carbon nanotubes (CN's), conductive poly-
mers, graphene, and the like. The metal mesh, among the
transparent electrode materials, 1s a new material that occu-
pies 85% of maternials substituting for ITO, and the market
of the metal mesh 1s expanding 1n terms of utilization thereof
because the metal mesh 1s low i1n price and has high
conductivity.

The transparent LED display using the metal mesh 1s
casier to maintain than the I'TO transparent display in the
related art, may save resources and significantly prevent
environmental pollution, and 1s economical because manu-
facturing costs are reduced. In addition, the metal mesh may
be widely applied as new transparent electrode material for
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various purposes, such that the metal mesh has the potential
for application and utilization in various products.

DETAILED DESCRIPTION OF TH.
INVENTION

L1

Technical Problem

An object of the present application 1s to provide an
embedded transparent electrode substrate and a method of

manufacturing the same.

Technical Solution

An exemplary embodiment of the present application
provides a method of manufacturing an embedded transpar-
ent electrode substrate, the method comprising: forming a
structure comprising a transparent base, a bonding layer
provided on the transparent base, and a metal fo1l provided
on the bonding layer; forming a metal foil pattern by
patterning the metal foil; heat-treating the structure com-
prising the metal foil pattern at a temperature of 70° C. to
100° C.; and completely curing the bonding layer.

In addition, another exemplary embodiment of the present
application provides an embedded transparent electrode
substrate comprising: a transparent base; a bonding layer
provided on the transparent base; and a metal foil pattern
embedded 1n the bonding layer, in which one surface of the
bonding layer and one surface of the metal foil pattern are
provided on the same plane, ten-point average roughness Rz

ol a surface of the metal foil pattern opposite to the trans-
parent base 1s higher than 0.5 um, and a haze 1 a region of
the embedded transparent electrode substrate where no
metal foi1l pattern 1s provided, 1s 3% or less.

Advantageous Eflects

According to the exemplary embodiment of the present
application, the metal foi1l pattern 1s formed by using the
low-cost metal foil, such that it 1s possible to reduce raw
material costs when manufacturing the transparent electrode
substrate. In particular, according to the exemplary embodi-
ment of the present application, the metal fo1l pattern 1s
formed on the bonding layer, and then the heat treatment 1s
performed at a temperature of 70° C. to 100° C., such that
the embedded transparent electrode substrate in which the
metal foil pattern 1s embedded 1n the bonding layer may be
manufactured without a process of applying a separate
pressure.

In addition, according to the exemplary embodiment of
the present application, the metal foil pattern 1s formed on
the bonding layer, and then the heat treatment 1s performed
at a temperature of 70° C. to 100° C., such that it 1s possible
to prevent an increase 1n haze of the transparent electrode
substrate 1n accordance with illumination intensity of a
surtace of the metal foail.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a view schematically illustrating an embedded
transparent electrode substrate according to an exemplary
embodiment of the present application.

FIG. 2 1s a view schematically illustrating a method of
manufacturing the embedded transparent electrode substrate
according to the exemplary embodiment of the present
application.
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FIGS. 3 to 6 are views illustrating an embedded trans-
parent electrode substrate according to Example 1 of the
present application.

FIG. 7 1s a view 1llustrating an electrode substrate accord-
ing to Comparative Example 1 of the present application.

DESCRIPTION OF REFERENCE NUMERALS

10: Transparent base
20: Bonding layer

30: Metal foil
40: Metal fo1l pattern

BEST MOD.

L1l

Hereinatter, the present application will be described 1n
detail.

In the present application, the term “transparent” means
that transmittance 1s about 80% or higher in a visible ray
region (400 nm to 700 nm).

Transmittance of 70% or higher and surface resistance of
0.5 ohm/sq or less need to be ensured in the case of a
transparent electrode substrate applied to a transparent LED
display having a transparent base on which metal wires are
provided. A copper-deposited layer having low specific
resistance needs to have a thickness of 1 um or more 1n order
to ensure the transmittance and the surface resistance. The
copper-deposited layer having a thickness of 1 um or more
may be formed on the transparent base by using sputtering,
evaporation, and plating processes, but 1n this case, high
deposition costs may be incurred, attachment force of the
copper-deposited layer may deteriorate, and the lower trans-
parent base may be damaged during the deposition process.

In addition, in a case in which a low-cost copper foil and
the transparent base are laminated by using a bonding agent,
the manufacturing costs may be greatly reduced, and the
attachment force may be improved. However, there 1s a
problem 1n that a haze at an opening 1s increased as surface
roughness of the copper foil 1s transferred onto a surface of
the bonding agent.

In addition, 1n order to manufacture an embedded elec-
trode having excellent surface flatness, a method of addi-
tionally applying a resin layer onto a transparent base having
an electrode pattern and then removing a residual resin layer
existing on the electrode or a method of forming an electrode
pattern on a release base, applying a resin layer onto the
clectrode pattern, curing the resin layer, and transierring the
clectrode to the resin layer may be used, but 1n this case,
there 1s a problem in that the process 1s complicated and
manufacturing costs are increased.

Therefore, the present application provides an embedded
transparent electrode substrate and a method of manufac-
turing the same 1n which an ultra-low-cost metal foi1l 1s used
as a metal layer 1n order to ensure price competitiveness, and
a haze of the transparent electrode substrate may be
improved.

A method of manufacturing an embedded transparent
clectrode substrate according to an exemplary embodiment
of the present application comprises: forming a structure
comprising a transparent base, a bonding layer provided on
the transparent base, and a metal foil provided on the
bonding layer; forming a metal foil pattern by patterning the
metal foil; heat-treating the structure comprising the metal
fo1l pattern at a temperature of 70° C. to 100° C.; and
completely curing the bonding layer.

The method of manufacturing the embedded transparent
clectrode substrate according to the exemplary embodiment
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of the present application comprises the forming of the
structure comprising the transparent base, the bonding layer
provided on the transparent base, and the metal fo1l provided
on the bonding layer.

The forming of the structure may comprise: forming the
bonding layer on the metal fo1l and forming the transparent
base on the bonding layer; or forming the bonding layer on
the transparent base and forming the metal foil on the
bonding layer.

The transparent base may be, but not limited to, a glass
base or a transparent plastic base which 1s excellent in
transparency, surface smoothness, tractability, and water-
prooiness, and the transparent base 1s not limited as long as
the transparent base 1s typically used for electronic elements.
Specifically, the transparent base may be made of: glass;
urethane resin; polyimide resin; polyester resin; (meth)
acrylate-based polymeric resin; or polyolefin-based resin
such as polyethylene or polypropylene. In addition, the
transparent base may be a film having visible light trans-
mittance ol 80% or more, such as a film made of polyeth-
ylene terephthalate (PET), cyclic olefin polymer (COP),
polyethylene naphthalate (PEN), polyethersulione (PES),
polycarbonate (PC), or acetyl celluloid. A thickness of the
transparent base may be, but not limited only to, 25 um to
250 um.

The metal foil may be made of a material known i this
technical field, and more specifically, the metal foi1l may
comprise, but not limited only to, a copper (Cu) foil or an
aluminum (Al) foil. A thickness of the metal foi1l may be 2
um to 20 um. A height of the metal foil pattern may be
measured by a micrometer or a thickness gauge.

A refractive mdex of the bonding layer may be 1.45 to
1.53, and the bonding layer may have fluidity at a tempera-
ture of 70° C. or more. In addition, the bonding layer may
comprise a heat-curable bonding agent composition or a
UV-curable bonding agent composition.

More specifically, the bonding layer may comprise, but
not limited only to, silane-modified epoxy resin, bisphenol
A-type phenoxy resin, an initiator, and a silane coupling
agent.

The bonding layer may be formed by using the above-
mentioned bonding agent composition and a method such as
comma coating or slot die coating so as to have a thickness
of 5 um to 30 um, but the present invention 1s not limited
thereto.

The method of manufacturing the embedded transparent
clectrode substrate according to the exemplary embodiment
of the present application comprises the forming of the metal
fo1l pattern by patterning the metal foil.

As the method of forming the metal foil pattern, a method
known 1n this technical field may be used, and for example,
a photolithography process may be used. More specifically,
the method of forming the metal fo1l pattern may comprise,
but not limited to, forming a resist pattern on the metal foil
and then etching the metal foil, and stripping off the resist
pattern.

The metal fo1l pattern may be manufactured from a metal
fo1l comprising at least one matt surface having relatively
high ten-point average roughness Rz. In this case, the matt
surface of the metal foil 1s opposite to the transparent base.

The metal foi1l patterns may comprise two or types of
metal foil patterns having ditferent line widths. In addition,
the metal foil patterns may comprise two types of metal foil
patterns having different line widths, a line width of one of
the metal foil patterns may be 3 um to 30 um, and a line
width of the other of the metal fo1l patterns may be 50 um
or more. The metal fo1l pattern having the line width of 3 um
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to 30 um may serve as an electrode pattern, and the metal
to1l pattern having the line width of 50 um or more may
serve as an electrode pad pattern for connecting an external
terminal. That 1s, the metal foi1l patterns may comprise the
clectrode pattern and the electrode pad pattern.

The line width of the electrode pattern may be, but not
limited only to, 3 um to 30 um, 3 um to 20 wm, or 3 um to
10 um. In addition, the line width of the electrode pad
pattern may be, but not limited only to, 50 um or more, or
50 um to 1,000 um.

The method of manufacturing the embedded transparent
clectrode substrate according to the exemplary embodiment
of the present application comprises the heat-treating of the
structure comprising the metal foil pattern at a temperature

of 70° C. to 100° C.

The metal fo1l pattern may be embedded 1n the bonding
layer by the heat-treating of the structure at the temperature
of 70° C. to 100° C. In particular, according to the exemplary
embodiment of the present application, the metal fo1l pattern
1s formed on the bonding layer, and then the heat treatment
1s performed at the temperature of 70° C. to 100° C., such
that the embedded transparent electrode substrate 1n which
the metal foil pattern 1s embedded 1n the bonding layer may
be manufactured without a process of applying a separate
pressure.

In addition, ten-point average roughness Rz of a surface
of the bonding layer may be higher than 0.5 um before the
heat-treating of the structure, and ten-point average rough-
ness Rz of the surface of the bonding layer may be 0.1 um
or less after the heat-treating of the structure. In addition, the
ten-point average roughness Rz of the surface of the bonding
layer may be higher than 0.5 um and lower than 3 um before
the heat-treating of the structure. In addition, the ten-point
average roughness Rz of the surface of the bonding layer
may be 0 to 0.1 um after the heat-treating of the structure.
The metal fo1l has unique and high retlectance because of
small unevenness when the Rz of the surface of the bonding
layer 1s 0.5 um or less before the heat-treating of the
structure. Therefore, because it 1s diflicult to decrease reflec-
tance of the transparent electrode substrate manufactured as
described above, there 1s a problem 1n that the pattern 1s
casily visible by the eyes because of high reflectance. In
addition, when the Rz of the surface of the bonding layer 1s
0.5 um or less before the heat-treating of the structure, there
may be a problem 1in that attachment force between the metal
fo1l and the bonding layer 1s decreased, such that the metal
fo1l pattern 1s eliminated from the bonding layer during the
process (photo process) of forming the metal foil pattern.

That 1s, 1n a case in which the bonding layer 1s provided
on the transparent base and then the low-cost metal foil 1s
laminated, there may be a problem 1n that surface roughness
of the metal fo1l 1s transierred to the surface of the bonding
layer, such that a haze of a final product 1s increased.
Therefore, according to the exemplary embodiment of the
present application, the metal foil pattern 1s formed on the
bonding layer, and then the heat treatment 1s performed at
the temperature of 70° C. to 100° C., such that 1t 1s possible
to prevent an 1ncrease in haze of the transparent electrode
substrate 1 accordance with illumination intensity of a
metal foil surface.

The method of manufacturing the embedded transparent
clectrode substrate according to the exemplary embodiment
of the present application comprises the completely curing
of the bonding layer. The bonding layer may comprise a
heat-curable bonding agent composition or a UV-curable
bonding agent composition, and the completely curing of the
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bonding layer may comprise thermally curing or UV-curing
the bonding layer at a temperature of 120° C. or more.

In addition, the method of manufacturing the embedded
transparent electrode substrate according to the exemplary
embodiment of the present application 1s schematically
illustrated 1n FIG. 2.

As 1llustrated in FIG. 2, the method of manufacturing the
embedded transparent electrode substrate according to the
exemplary embodiment of the present application com-
prises: forming a structure comprising a transparent base 10,
a bonding layer 20 provided on the transparent base 10, and
a metal fo1l 30 provided on the bonding layer 20; forming a
metal foil pattern 40 by patterning the metal foil 30; heat-
treating the structure comprising the metal fo1l pattern 40 at
a temperature of 70° C. to 100° C.; and completely curing
the bonding layer 20.

In addition, the exemplary embodiment of the present
application provides an embedded transparent electrode
substrate comprising: a transparent base; a bonding layer
provided on the transparent base; and a metal foil pattern
embedded 1n the bonding layer, in which one surface of the
bonding layer and one surface of the metal foil pattern are
provided on the same plane, ten-point average roughness Rz
ol a surface of the metal foil pattern opposite to the trans-
parent base 1s higher than 0.5 um, and a haze 1 a region of
the embedded transparent electrode substrate where no
metal fo1l pattern 1s provided, 1s 3% or less.

The transparent base, the bonding layer, and the metal foil
pattern of the embedded transparent electrode substrate
according to the exemplary embodiment of the present
application are identical to those described above.

In the exemplary embodiment of the present application,
a level difference between one surface of the bonding layer
and one surface of the metal foil pattern, which are provided
on the same plane, may be 0 to 20 um.

In the exemplary embodiment of the present application,
a refractive index of the bonding layer may be 1.45 to 1.55,
and ten-point average roughness Rz of a surface of the metal
fo1l pattern opposite to the transparent base may be 0.5 um
Or more.

In addition, a haze 1n a region of the embedded transpar-
ent electrode substrate where no metal foil pattern 1s pro-
vided, may be 3% or less.

In addition, the embedded transparent electrode substrate
according to the exemplary embodiment of the present
application 1s schematically illustrated in FIG. 1.

As 1llustrated 1n FIG. 1, the embedded transparent elec-
trode substrate according to the exemplary embodiment of
the present application comprises: the transparent base 10;
the bonding layer 20 provided on the transparent base 10;
and the metal foil pattern 40 embedded 1n the bonding layer
20, 1n which one surface of the bonding layer 20 and one
surface of the metal fo1l pattern 40 are provided on the same
plane.

The embedded transparent electrode substrate according,

-

to the exemplary embodiment of the present application may

be applied to a ftransparent electrode for an electronic
clement.

The electronic element may be a heat generating film, a
transparent LED display, a touch panel, a solar cell, or a
transistor. The heat generating film, the transparent LED
display, the touch panel, the solar cell, or the transistor may
be generally known in the art, and the electrode may be used
for the transparent electrode substrate according to the
exemplary embodiment of the present application.

MODE FOR INVENTION

Heremaftter, the exemplary embodiment disclosed 1n the
present specification will be described with reference to
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examples. However, the scope of the exemplary embodi-
ment 1s not intended to be limited by the following
examples.

EXAMPLES

Example 1

A UV-curable bonding agent was applied onto a PET film
having a thickness of 250 um by using a comma coater and
then dried with hot blast at 100° C. for 5 minutes to form a
bonding layer having a thickness of 15 um. In this case, the
UV-curable bonding agent comprised silane-modified epoxy

resin KSR-277HMC70 (Kukdo Chemical) of 33 wt. %,
silane-modified epoxy resin KSR-177 (Kukdo Chemical) of
35 wt. %, bisphenol A-type phenoxy resin YP-50E (Kukdo
Chemical) of 30 wt. %, a positive 1on initiator Irgacure 290
(BASF) of 1 wt. %, and a silane coupling agent KBM-403
(Shinetsu) of 1 wt. %.

The PET film having the transparent bonding layer and a
copper foil having a thickness of 8 um were hot-roll-
laminated under a condition of 100° C. and 1.3 mpm (meter
per minute).

A dry film resist (DFR) was laminated on a surface of the
copper foil of the copper-foil-laminated film, and then a
hexagonal DFR pattern having a line width of 20 um was
formed through exposure and development processes.

The exposed copper foil was removed by using a ferric
chloride-based copper etching liqud, and the DFR pattern
was stripped ofl, such that a hexagonal copper foil pattern
was formed. In this case, a haze 1n a region where no metal
to1l pattern 1s provided was 12.19%.

The copper o1l pattern film was heat-treated at 100° C.
for 5 minutes such that the copper fo1l pattern was embedded
in the bonding layer, and then a surface opposite to a surface
on which the copper foil pattern was provided was 1rradiated
with UV rays with an exposure value of 2 J/cm2 to com-
pletely cure the bonding layer. In this case, a haze 1n a region
where no metal foil pattern 1s provided was 2.86%.

The embedded transparent electrode substrate according
to Example 1 of the present application 1s illustrated in
FIGS. 3 to 6. More specifically, FIG. 3 illustrates the DFR
pattern formed on a copper-foil-laminated raw sheet, FI1G. 4
illustrates a state after the copper foil pattern 1s formed and
the DFR 1s stripped ofl, and FIG. 5 illustrates a state aiter the
heat treatment 1s performed. In addition, FIG. 6 illustrates
the finally manufactured embedded transparent electrode
substrate according to Example 1.

Comparative Example 1

A bonding agent for copper clad laminate (CCL) was
applied onto a PET film having a thickness of 250 um by
using a comma coater and then dried with hot blast at 100°
C. for 5 minutes to form a bonding layer having a thickness
of 15 um.

The PET film having the transparent bonding layer and a
copper foil having a thickness of 8 um were hot-roll-
laminated under a condition of 100° C. and 1.3 mpm (meter
per minute).

The copper-foil-laminated film was matured at 80° C. for
3 days to completely cure the bonding layer.

A dry film resist (DFR) was laminated on a surface of the
copper foil of the copper-foil-laminated film, and then a
hexagonal DFR pattern having a line width of 20 um was
formed through exposure and development processes.
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The exposed copper foil was removed by using a ferric
chloride-based copper etching liquid, and the DFR pattern
was stripped ofl, such that a hexagonal copper foil pattern
was formed. In this case, a haze 1n a region where no metal
fo1l pattern 1s provided was 48.85%.

The electrode substrate according to Comparative
Example 1 of the present application 1s illustrated in FI1G. 7.

As shown 1n the above result, according to the exemplary
embodiment of the present application, the metal foil pattern
1s formed by using the low-cost metal foil, such that 1t 1s
possible to reduce raw material costs when manufacturing
the transparent electrode substrate. In particular, according,
to the exemplary embodiment of the present application, the
metal fo1l pattern 1s formed on the bonding layer, and then
the heat treatment 1s performed at a temperature of 70° C. to
100° C., such that the embedded transparent electrode
substrate 1n which the metal fo1l pattern 1s embedded 1n the
bonding layer may be manufactured without a process of
applying a separate pressure.

In addition, according to the exemplary embodiment of
the present application, the metal foil pattern 1s formed on
the bonding layer, and then the heat treatment 1s performed
at a temperature of 70° C. to 100° C., such that it 1s possible
to prevent an increase in haze of the transparent electrode
substrate 1 accordance with illumination intensity of a
surface of the metal foil.

The mnvention claimed 1s:

1. A method of manufacturing an embedded transparent
clectrode substrate, the method comprising:

a) forming a structure comprising a transparent base, a

bonding layer on a surface of the transparent base, and
a metal foil on a surface of the bonding layer opposite
the transparent base;

b) forming a metal foi1l pattern by patterning the metal

foil;

¢) heat-treating the structure resulting from b) at a tem-

perature of 70° C. to 100° C.; and

d) completely curing the bonding layer,

wherein ten-point average roughness Rz of a surface of

the bonding layer 1s higher than 0.5 um before the
heat-treating of the structure, and

ten-point average roughness Rz of the surface of the

bonding layer 1s 0.1 um or less after the heat-treating of
the structure.

2. The method of claim 1, wherein the forming of the
structure comprises:

forming the bonding layer on the metal foi1l and forming

the transparent base on the bonding layer; or

forming the bonding layer on the transparent base and

forming the metal foil on the bonding layer.

3. The method of claim 1, wherein the metal fo1l pattern
1s embedded in the bonding layer by the heat-treating of the
structure at the temperature of 70° C. to 100° C.

4. The method of claim 1, wherein the bonding layer has
flmdity at a temperature of 70° C. or more.

5. The method of claim 1, wherein the bonding layer
comprises a heat-curable bonding agent composition or a
UV-curable bonding agent composition, and

the completely curing of the bonding layer comprises

thermally curing or UV-curing the bonding layer at a
temperature of 120° C. or more.

6. The method of claim 1, wherein the bonding layer
comprises silane-modified epoxy resin, bisphenol A-type
phenoxy resin, an initiator, and a silane coupling agent.

7. The method of claim 1, wherein a thickness of the metal
fo1l 1s 2 um to 20 um.
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8. The method of claim 1, wherein the metal foil com-
prises a copper foil or an aluminum foil.

9. The method of claim 1, wherein the forming of the
metal foi1l pattern uses a photolithography process.
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